Calcium Channel Opening Rather than the Release of ATP Causes the Apoptosis of Osteoblasts Induced by Overloaded Mechanical Stimulation.
Stress fracture is one of the most common overuse injuries in athletes. Overloaded mechanical stimulation is an important factor affecting stress fractures, but the mechanism is unclear. MC3T3-E1 cells and a polycaprolactone (PCL) scaffold were co-cultured, and finite element analysis (FEA) was used to analyze the load-carrying capability. Cell proliferation was investigated with CCK-8 assays. An alkaline phosphatase (AKP) activity assay was used to evaluate cell differentiation. Cell apoptosis was analyzed using Hoechst/ PI double-labeling, Caspase-3 activity and lactate dehydrogenase (LDH) activity assays. Realtime PCR and Western blotting were used to examine the gene and protein expression, respectively, of Caspase-3 and Caspase-9. Assays of the intracellular calcium with fluorescent probe technique and extracellular ATP with fluorometric assay kit were used to analyze the changes in the intracellular calcium concentration induced by calcium channel opening and the release of ATP, respectively, at different operation times. When the apparent strain reached 10000 µε, the strain scope of fber at levels greater than 4000 µε was 60%. Overloading for 4 days and operation times of 0.5 h and 2 h increased the cell number and AKP secretion. However, apoptosis genes were activated at the same time, and the operation time of 2 h had a significantly greater effect than 0.5 h. At 8 days, the cell numbers were greater for the operation time of 0.5 h than for 2 h, and the 2-h groups had the fastest apoptosis rate. Overloading for 1 day increased intracellular calcium levels and ATP release. The increase in intracellular calcium could be blocked by the addition of N-ethylmaleimide (NEM) or Hank's medium. Overloading for 8 days increased intracellular calcium levels but decreased extracellular ATP, and verapamil blocked the increase in intracellular calcium. We found that a simultaneous 'double effect' on osteoblasts was induced by overloading, which promoted cell proliferation, differentiation and apoptosis. Short-term overloading could open the cell membrane calcium channels and release calcium stores to elevate intracellular calcium levels, thereby promoting the proliferation and differentiation of cells to a greater extent than the effect of apoptosis. For long-term overloading, calcium channel opening in the membrane could lead to overloading of intracellular calcium levels, inducing an apoptosis effect that is greater than the effect on proliferation and differentiation.